Abstract. We present new, simultaneous, multifrequency observations of 45 out of the 55 candidate High Frequency Peakers (HFP) selected by Dallacasa et al. (2000) , carried out 3 to 4 years after a first set of observations. Our sub-sample consists of 10 galaxies, 28 stellar objects ("quasars") and 7 unidentified sources. Both sets of observations are sensitive enough to allow the detection of variability at the 10% level or lower. While galaxies do not show significant variability, most quasars do. Seven of them no longer show the convex spectrum which is the defining property of Gigahertz Peaked Spectrum (GPS)/HFP sources and are interpreted as blazars caught by Dallacasa et al. (2000) during a flare, when a highly self-absorbed component dominated the emission. In general, the variability properties (amplitude, timescales, correlation between peak luminosity and peak frequency of the flaring component) of the quasar sub-sample resemble those of blazars. We thus conclude that most HFP candidates identified with quasars may well be flaring blazars.
Introduction
The Compact Steep Spectrum (CSS) and Gigahertz Peaked Spectrum sources (GPS) are two classes of intrinsically compact objects (linear size < 10-1 kpc) defined on the basis of their spectral properties: the overall shape is convex with turnover frequencies between 100 MHz (CSS) and a few GHz (GPS) and the spectral index at high frequencies is steep (see O'Dea 1998 for a complete review).
The currently accepted model (the youth scenario) relates the small linear size of GPS/CSS sources to their age, implying that they are the progenitors of extended radio sources. Both kinematic studies Owsianik, Conway & Polatidis 1998) and spectral analysis (Murgia et al. 1999 ) indicate ages of 10 3 -10 5 yr. On the other hand, various observations across the electromagnetic spectrum (e.g. Fanti et al. 2000) failed to reveal the presence of a particularly dense medium that could prevent the expansion of the radio lobes in the intergalactic medium, as proposed in the frustration model (van Breugel 1984; Baum et al. 1990 ). So far no evidence of differences in the properties of the host galaxies between Send offprint requests to: S. Tinti,e-mail: tinti@sissa.it GPS/CSS and FRII radio sources has been reported (e.g. see Fanti et al. 2000) .
Observational studies of the population of GPS/CSS sources have led to the discovery of an anti-correlation between the radio turnover frequency, ν p , and the projected angular size, θ (O' Dea & Baum 1997; Fanti et al. 2002) . This relationship is expected if the peaked component is due to synchrotron self-absorption, where θ 2 ∝ ν −5/2 p , although free-free absorption could also play a role (Bicknell, Dopita & O'Dea 1997) . In the youth scenario this correlation means that the youngest objects have the highest turnover frequencies and that the peak frequency is expected to move towards lower frequencies as the source expands and the energy density decreases. In principle, the highest the turnover frequency, the youngest the radio source is.
The shape of the radio spectrum and the position of the turnover have been used as selection tools for this class of objects. Dallacasa et al. (2000) selected a sample of "bright" radio sources with turnover frequencies above 5 GHz and called them High Frequency Peakers (HFPs). An early summary of their properties can be found in Dallacasa (2003) . Simultaneous multifrequency VLA observations were made to define the spectral shape of all Dallacasa et al. (2000) .
candidates. The comparison with literature data showed that flux density variability is not uncommon among the candidates and that also beamed radio sources like blazars can meet the selection criteria of the sample, e.g. when a flaring, strongly self-absorbed synchrotron component dominates the emission spectrum. A substantial contamination of the HFP sample by blazars may obviously lead astray analyses of HFP properties.
In this paper we present the results of a second set of simultaneous multifrequency VLA observations of the sample of bright HFPs, aimed at discriminating between bona-fide HFPs and blazars, and at studying the spectral evolution of the sources. At 1.465 and 1.665 GHz, longer observations were carried out to search for extended emission around the point-like dominant component. It is known that a significant fraction (∼ 10%) of GPS sources do have extended emission (e.g. Stanghellini 2003) . Also polarization data have been taken and will be presented elsewhere.
This paper is structured in the following way: Section 2 describes the radio properties of the sample, the secondepoch VLA observations and the data reduction; Section 3 presents the analysis of simultaneous radio spectra; Section 4 deals with the extended emission; in Section 5 the variability properties are investigated; the main conclusions are summarized and discussed in Section 6. Throughout this paper, we adopt H 0 = 50kms −1 M pc
and Ω = 1 2. The Bright HFP Sample
Selection and radio properties of the sample
The bright HFP sample of Dallacasa et al. (2000) was selected by cross-correlating the 87GB (Gregory et al. 1996) sources with S 4.9GHz ≥ 300 mJy with the NVSS catalogue (Condon et al. 1998 ) at 1.4 GHz and picking out those with inverted spectra (α < −0.5, S ∝ ν −α ). Since the 87GB and the NVSS surveys were carried out at different epochs, this sample is contaminated by flat-spectrum sources that happened to be flaring when they were observed at 4.9 GHz. The sample was then "cleaned" by means of simultaneous multifrequency VLA observations at 1. 365, 1.665, 4.535, 4.985, 8.085, 8.485, 14.96 and 22.46 GHz, leaving 55 sources whose single-epoch radio spectrum peaks at frequencies ranging from a few GHz to about 22 GHz. These "first epoch" observations were carried out in 1998-1999.
The final sample of HFP candidates comprises 11 galaxies (including a type 1 Seyfert), 36 quasars, and 8 still unidentified sources (Dallacasa et al. 2002a ). For comparison, galaxies and quasars are almost equally represented in GPS samples (Stanghellini et al. 1998 ) and most CSS sources are galaxies (Dallacasa 2002b,c) . 36 objects out of 55 have known redshift and their distribution ( Fig. 1 ) confirms the trend of quasars and galaxies to have barely overlapping redshift ranges. The redshift distribution of quasars shows a much slower decline with increasing redshift at z > 2 than flat-spectrum quasars in the 2.7 GHz Parkes quarter Jansky sample (Jackson et al. 2002 ) with a similar flux-density limit (although at a lower frequency). This difference can be due, at least partly, to the more favorable K-correction for high-z HFPs associated with their inverted spectra, and to the increasing variability amplitude with increasing frequency (Impey & Neugebauer 1988; Ciaramella et al. 2004) , which also enhances the visibility of distant quasars.
Observations and data reduction
In July 2002 we carried out multifrequency radio observations of the 45 (out of 55) candidate HFPs that were visible during the allocated observing time. We used the VLA in the B configuration, with a frequency coverage similar to that used for the sample definition. This sub-sample comprises 10 galaxies (including the type 1 Seyfert), 28 stellar objects, henceforth referred to as "quasars" (including a BL Lac), and 7 unidentified sources. We used the intermediate frequencies (IFs) of 1.465 and 1.665 GHz in the L band, of 4.565 and 4.935 GHz in the C band, and of 8.085 and 8.465 GHz in the X band, while the standard VLA frequencies were used in the U band (14.96 GHz) and in the K band (22.46 GHz). The observing bandwidth was chosen to be 50 MHz per IF. Separate analysis for each IF in L, C and X bands was carried out in order to improve the spectral coverage of the data.
Each source was observed typically for 1 min in C, X, U and K bands, and for 9 min in L band in a single snapshot, cycling through frequencies. The flux density measurements can thus be considered as simultaneous.
Two scans were spent on the primary flux density calibrator 3C286, which was used also for the calibra- Dallacasa et al. (2002a) .
tion of the absolute orientation of the polarization vector. Secondary calibrators were observed for 1.5 min at each frequency about every 25 min; they were chosen aiming at minimizing the telescope slewing time. Accurate positions of the target sources were obtained from the JVAS catalogue (Patnaik et al. 1992; Browne et al. 1998; Wilkinson et al. 1998 ).
The data reduction followed the standard procedures for the VLA, implemented in the NRAO AIPS software.
The L-band imaging has been quite complicated since a number of confusing sources fall within the primary beam, and an accurate flux density measurement could be obtained only once the confusing sources had been cleaned out. Generally, at least one iteration of phase-only selfcalibration has been performed before the final imaging, although a few sources required several iterations. Some radio frequency interferences affected the 1.665 GHz data, so that a few sources could not be imaged and flux den-sities could not be derived at this frequency. A Gaussian fit was performed on the final image by means of the task JMFIT, and the flux densities of the extended sources were determined with TVSTAT and IMSTAT.
The L band observations by Dallacasa et al. (2000) were not adequate to reveal possible extended emission given that were taken with the VLA in various configurations and were too short (1 min). The present deeper exposures detected extended emission for a considerable fraction of sources (see Sect. 4).
The r.m.s. noise levels in the image plane are relevant only for flux densities of a few mJy and are generally consistent with the expected thermal noise. For our bright sources the main uncertainty comes from the amplitude calibration error, conservatively estimated to be (1σ) 3% for the L, C and X bands, 5% for the U band, and 10% for the K band.
The new multifrequency measurements are listed in columns 6-13 of Table 1 , together with the J2000 name (col. 1), the optical identification and the redshift taken from the NED database (columns 2 and 3, respectively), the 4.9 GHz flux density (col. 4) measured by Dallacasa et al. (2000) ; the labels C and E in col. 5 stand for compact or extended sources respectively, as seen in the L band images (see Sect. 4, Appendix).
The time-lag between the the present data-set and the previous observations is of about 3 to 4 years. The years of observations of each source are specified in Table 2 .
Spectral analysis
In order to estimate the peak flux densities, S p , and frequencies, ν p , of the sources, we have fitted the simultaneous radio spectra at the two epochs using an hyperbolic function (Dallacasa et al. 2000) of the form:
( 1) with the optically thin and thick spectral indices as asymptotes. The parameters of this function are related to S p and ν p [log(
(1) can be rewritten as:
The best fit values of ν p and S p , obtained minimizing the chi-square function with the Minuit package (CERN libraries), are reported, with their errors, in Table 2 . The radio spectra of all sources are shown in Fig. 2 where the stars and the filled circles refer to the first and to the second epoch of simultaneous multifrequency VLA data, respectively, while the dashed and solid lines indicate the corresponding fits. A Kolmogorov-Smirnov (KS) test did not detect any significant difference among the distributions of the observed turnover frequencies (shown in Fig. 3 ) and of the peak flux densities at the two epochs. This is not surprising since the time-lag is too short for an evolution of source spectra (see Sect. 5) to be detected.
The observed peak frequency distributions of candidate HFP galaxies and quasars are similar (left-hand panel of Fig. 4 ) as a consequence of the selection criterion, but quasars are found up to much higher redshifts ( Fig. 1) , implying much higher values of ν p in the source frame (Fig. 4, . A similar behavior is found for GPS sources (Snellen 1997; Stanghellini et al. 1998) , whose peak frequencies are, on average, about a factor of 5 lower.
Extended emission
Within our sub-sample, 14 (31%) sources show some amount of extended emission (2 galaxies, 9 quasars and 3 objects without optical identification) on scales ranging from 6 to 35 arcsec. In the Appendix we comment on such sources, based on our own observations and on published VLBA/VLA data. Our images are presented in Figs. A1-A10. The flux density of the extended emission has been measured as the difference between the integrated flux density over the whole source extension and the flux density obtained using a point source model (see Table 3 ). Weak emission below the surface brightness limit (∼ 0.2 mJy/beam) of our maps cannot be excluded.
The total projected linear size of all these sources exceeds the classical definition of a "compact" radio source, i.e. about 15-20 kpc (O'Dea 1998). The total flux density of the extended emission ranges between a few mJy and 80 mJy, with 1.4 GHz luminosities ranging from ≃ 10 24 W/Hz (close to the upper end of the range for FR I sources) to ≃ 10 27 W/Hz, well within the luminosity range of FR II sources. The unresolved to extended luminosity ratios are in the range 4 to 78.
The fraction of sources with extended emission (≃ 30%) is larger than in GPS samples, where it is found to be ≃ 10% (Stanghellini et al. 1990; Baum et al. 1990, Stanghellini et al., in preparation) . However, no dependence of the fraction of sources with extended emission on peak frequency can be found within our sample: if we split it into two roughly equally populated sub-samples (with ν p > 5.5 GHz and ν p < 5.5, ν p being the second epoch peak frequency in the observer's frame), we have approximately the same fraction of sources with extended emission in each.
The presence of radio emission on scales of tens of kpc or even larger can indicate that we are really dealing with an evolved source but can also be reconciled with the youth scenario under the hypothesis of recurrent activity proposed by Baum et al. (1990) , whereby a newly born source is propagating amidst the relic of previous large scale radio activity. At low frequencies (hundreds of MHz) the extended emission should be dominant, because of its steep spectrum.
Seven out of the nine quasars with extended emission have strongly variable spectra. Five of them did not show anymore a convex spectrum (see Sect. 5) when were re-observed, and therefore are not HFPs. On the other hand, the two galaxies with some amount of resolved emis- sion on a kpc scale showed, at both epochs, the typical peaked spectrum. One is the well known J0111 + 3906 (B0108 + 388) for which Baum et al. (1990) worked out the recurrent activity hypothesis. We are analyzing high resolution VLBA observations of J0428 + 3259 to study its pc scale morphology.
Analysis of the sample
The repeated high sensitivity simultaneous multifrequency observations separated by 3 to 4 years allow us to investigate the variability properties of our candidate HFPs. This analysis may also help discriminating between truly young sources and flaring blazar components. Fig. 3 . Histogram of observed turnover frequencies for the HFP sample at the two epochs.
The convex form of the spectrum is the first property that should be preserved in the evolution of young sources. This does not happen for 7 sources (16% of the sample), all identified with quasars (25% of such objects), whose second epoch spectrum turns out to be flat. Such sources are labelled as "flat" in column 9 of Table 2 , and are then classified as blazars.
According to the physical model for the evolution of young radio sources by Begelman (1996) , a newly generated powerful jet injects energy into the ambient medium inflating a cocoon consisting of shocked jet material and shocked ambient matter. If the density of the surrounding medium scales with radius, r, as ρ ∝ r −n , the linear size, LS, of the cocoon increases with the source age, t, as LS ∝ t ǫ , with ǫ = 3/(5 − n). The best determined relationship for GPS/CSS sources relates the radio turnover frequency to the projected linear size ν p ∝ (LS) −δ (O'Dea & Baum 1997). It follows that ν p decreases with time as ν p ∝ t −λ , with λ = δ · ǫ. The expected decrease of ν p in a time interval ∆t in the source frame (corresponding to ∆T = ∆t(1 + z) in the observer frame) is then:
The slope of the observed correlation for CSS/GPS sources is δ ≃ 0.65 but O' Dea & Baum (1997) show that the evolution of ν p with LS may be steeper than the statistical relation. Assuming Begelman's model, they found δ ≃ 1.2 for n=2. The typical uncertainties associated with our estimates of ∆ν p are at the several percent level. For n ranging from 0 (uniform density) to 2 (isothermal distribution) and ∆T = 3-4 yr, a clear measurement of the peak frequency decrease due to the source expansion could be achieved for source ages well below 100 yr. Taking into account that our sources were selected from the GB87 catalogue, based on observations carried out in 1986-1987, and therefore must have been older than 15-16 yr when our second set of observations were done, we conclude that sources with ∆ν p /[ν p ∆t(yr)] > 0.05 (last column of Table 2 ) are unlikely to be HFPs (because too young ages would be implied). We propose to classify them as blazars, whose observed evolution timescale are decreased by the Doppler factor. Note that ∆ν p /[ν p ∆t(yr)] can be computed (and is reported in Table 2 ) only for sources with measured redshift and measured peak frequencies at both epochs.
In principle, an estimate of source ages could be derived from Eq. (3). In practice, however, given the large uncertainties on ∆ν p and the additional uncertainties on λ (due to the poor knowledge of the parameter n characterizing the density profile of the medium), only rather uninteresting lower limits of a few tens of years can be set. On the other hand, interesting constraints would be provided by more accurate multifrequency measurements with a 2 or 3 times longer time-lag.
Although the Kolmogorov-Smirnov (KS) test does not detect any significant difference in the distribution of turnover frequencies at the two epochs, it is clear from the last column of Table 2 that most sources have a smaller ν p at the second epoch, consistent with an evolution towards lower optical depths.
Flux density variability also helps distinguishing between expanding young objects and aged beamed objects (blazars) whose radio emission is dominated by a single knot in the jet. While HFP/GPS sources are thought to expand at mildly relativistic velocities, the large Doppler factors characterizing blazar jets boost the variability amplitudes and decrease the corresponding observed timescales. We have analyzed the variability of our sources in terms of the quantity
where S I (i) and S II (i) are the flux densities at the i-th frequency, measured in the first and second epoch, respectively, σ i is the error on S I (i)−S II (i), and m is the number of the sampled frequencies. We have noted that the second epoch flux densities at 1.4 GHz are systematically higher by about 10% than the first epoch ones, while the flux densities at 1.7 GHz at the two epochs appear to match. This may be related to an unidentified problem during the 1.4 GHz observation of the primary calibrator 3C286. We have therefore chosen to exclude the 1.4 GHz measurements, so that in the above equation m = 7.
For HFP sources, V depends essentially on only two free parameters, S p and ν p (since the spectral slopes are not expected to vary), and should therefore have a χ 2 distribution with 2 degrees of freedom. Figure 5 shows that indeed sources with low values of V obey such distribution. Since the probability that a source with V > 9 is extracted from such distribution is < 0.01, we conclude that sources with V > 9 are very likely blazars. On the other hand, blazars may well have small values of V , so that there is no guarantee that sources with V < 9 are all truly young. We caution however that these conclusions rely to some extent on our estimates of errors, dominated by calibration uncertainties: any significant over-or under-estimate of errors would impair the match of the distribution of V with the χ 2 distribution with 2 degrees of freedom. As shown in Table 2 , all 10 galaxies, including the Seyfert 1, have V < 9, while most quasars (17 out of 28, including the 7 with flat second-epoch spectra) have V > 9; of the 7 unidentified sources, 4 have V < 9. Thus, if we confine ourselves to sources with V < 9, we have an almost equal number of galaxies and quasars, similarly to what is found for GPS samples. The quasars with V < 9 have higher median redshift (z median ≃ 2.4) than those with V > 9, whose median redshift (z median ≃ 1.7) is closer to that of flat spectrum radio quasars in the Parkes quarter-Jy sample (z median ≃ 1.4).
An alternative approach may be to consider as blazar candidates all sources with variability significant at more than 3σ. In this case the boundary between candidate HFP and likely blazars has to be set at V = 3 (as appropriate for a χ 2 distribution with 1 degree of freedom) rather than at V = 9. If so, 9 more sources (3 galaxies, including the type 1 Seyfert, 5 quasars and 1 unidentified source) add to the list of candidate blazars.
Another interesting issue is the relationship between peak frequencies and peak luminosities, L p . Opposite trends are predicted by current models for GPS sources: while Begelman's (1996) model implies a decrease of L p with decreasing ν p , Snellen et al. (2000) predict an increase during the HFP/GPS phase of the source evolution. In both cases, however, the dependence of L p on ν p is weak, and therefore easily swamped by variances in both quantities. In the case of relativistic beaming with Doppler factor δ, the observed peak luminosities scale as δ 3 , while the observed peak frequencies scale as δ, so that sources with equal intrinsic L p and ν p , but different δ's are observed to have L p ∝ ν 3 p ; this relation is much steeper than the L p -ν p relation predicted by both Begelman's and Snellen's models.
We have investigated this relationship for all objects (see Fig. 6 ), using first epoch data, when all sources but two had a well defined spectral peak. Although a clear correlation seems to be present, we must beware of the effect of the redshift distribution: as an example, the solid line in Fig. 6 shows the distribution in the L p -ν p plane of sources with equal observed S p = 300 mJy and ν p = 5 GHz at different redshifts. Clearly the shape of the correlation is not far from that induced by the effect of redshift. Nevertheless, Kendall's partial correlation coefficient indicates a statistically significant positive correlation between L p and ν p after the influence of redshift has been eliminated. The probability of no correlation is 0.44% if we consider only stellar objects with V > 9 (which are probably blazars; we have 12 such objects with redshift, but for one of them the peak frequency is undefined). For stellar objects with V ≤ 9 the probability of no correlation increases to 6% so that the correlation is only marginally significant. For galaxies there is no indication of a significant correlation (probability of no correlation 38%).
Models for GPS/HFP sources also predict a correlation between peak luminosity and linear size, whose slope is related to the slope n of the density profile of the surrounding medium. Unfortunately, our VLA observations provide only upper limits to the source sizes, since sources are unresolved. A search of databases available in the VLBA Web site has yielded maps at various frequencies for 15 out of the 18 sources with V ≤ 9 and known redshift. Of these, 8 were resolved and for them we estimated the angular size. For the remaining 10 we adopted upper limits corresponding to the beam size. One source has not been included in the analysis because it has not a defined spectral peak at the first epoch of VLA observations. These data show no indication of a correlation between the linear size and the peak luminosity (probability of no correlation ≃ 0.7) and do not confirm, for our sample, the correlation between peak flux density and angular size (probability of no correlation ≃ 0.6) reported by Snellen et al. (2000) for their GPS sample.
Discussion and conclusions
The spectral selection adopted by Dallacasa et al. (2000) is independent of optical identification and redshift. As a result, both galaxies and star-like objects ("quasars") are present in the original sample of bright HFP candidates. Quasars are almost three times more numerous than galaxies, consistent with the previously noted decrease of the galaxy to quasar ratio in GPS samples selected at increasing turnover frequency (Fanti et al. 1990 ; O'Dea 1998; Stanghellini et al. 1998 Stanghellini et al. , 2003 .
However, our new multifrequency observations, with a time lag of 3 to 4 years, indicate that the sample of candidate HFP quasars is likely to be strongly contaminated by beamed objects, with variability properties consistent with those of blazars.
Seven out of the 28 star-like sources (25%) no longer have a peaked spectrum, and 5 of them have extended emission. Such sources are therefore classified as blazars, caught by Dallacasa et al. (2000) during a flaring phase of a strongly self-absorbed component.
Seven additional star-like sources show a variation of the peak frequency, significant at a > 3σ level, larger than expected if HFP/GPS sources expand at mildly relativistic velocities (∆ν p /[ν p ∆t(yr)] > 0.05), suggesting the presence of relativistic beaming effects. The only galaxy (1407+2827) with a peak frequency variation significant at > 3σ level has ∆ν p /[ν p ∆t(yr)] = 0.017.
Another criterion to discriminate between truly young sources and blazar is the variability index V [Eq. (4)]. The distribution of V for the less variable sources is close to the χ 2 distribution with two degrees of freedom, as may be expected since variations of spectra of young sources are controlled by two parameters, S p and ν p . If so, sources with V > 9 have a probability < 0.01 of being extracted from such a distribution and are therefore likely blazars. We have 20 sources with V > 9, 17 of which are star-like (including the 7 with flat spectrum at the second epoch and 4 of the 7 with ∆ν p /[ν p ∆t(yr)] > 0.05) and 3 unidentified sources. The median r.m.s. variations for these sources are ≃ 30% (27% for quasars only), close to those found for blazars (≃ 32%; Ciaramella et al. 2004) .
The variability timescales in the frequency range 5-15 GHz of bright blazars, derived from their structure function, are ≃ 2 yr in the source frame (Hughes et al. 1992 ; . Peak luminosity versus peak frequency for all objects with measured redshift. Circles: quasars, squares: galaxies. Open symbols refer to sources with V ≤ 9, filled symbols to sources with V > 9. The solid line shows the distribution in the L p -ν p plane of sources with equal observed S p = 300 mJy and ν p = 5 GHz at different redshifts. Ciaramella et al. 2004) . To convert the time-lag between the two sets of observations into the mean time interval in the source frame, we need to divide it by (1 + z mean ).
Only 11 of the 17 starlike sources with V > 9 have measured redshift, with a median value of 1.7. We may thus expect that ∼ 50% of blazars flaring at the moment of the first set of observations have recovered their baseline flat spectrum by the epoch when they where re-observed. For comparison, 7 out of 17 (i.e. ≃ 41%) were indeed found to have a flat spectrum in the second observing run.
There is evidence of a positive correlation between V and ν p (probability of no correlation ∼ 0.01), indicating that the fraction of blazars is higher among objects with higher peak frequency. This is not surprising because young objects become increasingly rare since their lifetimes decrease with increasing ν p .
We have found a statistically significant positive correlation between the peak luminosity and rest-frame peak frequency of quasars, after having removed the effect of the redshift distribution (Kendall's partial correlation test). A relationship among these two quantities is expected both in the case of GPS/HFP sources and of blazars, but with a much steeper slope for the latter sources. While previous studies enlightened a S p -ν p correlation for a few individual blazars (e.g., Stevens et al. 1996) our analysis indicates that it holds for flaring blazars as a class.
There are thus various pieces of evidence, albeit circumstantial, that most quasar HFP candidates are actually objects where the effects of beaming are relevant (blazar like) even if this does not necessarily require that we are seeing evolved/old objects.
While sources with V > 9 are likely blazars there is no guarantee that those with V < 9 are truly young sources. Some of them may really be blazars in a relatively quiescent phase. The 3 such objects with ∆ν p /[ν p ∆t(yr)] > 0.05 may belong to this category.
As for galaxies, all 10 HFP candidates have V < 9. Their peak luminosities and rest-frame peak frequencies do not show evidence of a correlation, not surprisingly given the smaller range spanned by both quantities (compared to the case of quasars) and the weaker dependence of L p on ν p expected for GPS/HFP sources, easily swamped by intrinsic dispersions of both quantities.
Two galaxies show extended emission compatible with recurrent activity. According to Begelman's model the synchrotron emission decreases with source age t as L ∝ t −η with η = (n + 4)/[4(5 − n)]. In the case of recurrent activity, the HFP to extended emission age ratio can then be estimated as
1/η , where L ext and L HFP are the total emitted radio luminosities, that can be taken as proportional to the emitted flux densities at 1.4 GHz. In the case of the HFP component, the latter can be estimated extrapolating to 1.4 GHz the peak flux density. The age ratio derived from Begelman's model depends on the slope n of the density profile of the surrounding medium. Adopting n = 2 we get, for J0111 + 3906, t ext /t HFP ≃ 9 × 10 4 , and for J0428+3259 t ext /t HFP ≃ 2×10 4 , consistent with the intermittency timescales suggested by Reynolds & Begelman (1997) . Although any conclusion at this stage is premature, this illustrates the potential of deeper low frequency observations to shed light on the nature of radio activity.
In conclusion, while the variability properties of candidate HFP galaxies may be consistent with expectations for truly young, possibly recurrent, sources, those of most quasars are consistent with those of blazars. If we set the boundary between HFP candidates and blazars at V = 3 (see Sect. 5), 3 galaxies would host a blazar nucleus, and 22 out of the 28 starlike sources and 4 out of the 7 unidentified sources would be blazar candidates. The median variability amplitude of sources with V > 3 is ≃ 22%, slightly lower than, but still not far from that found for blazar samples. Milli-arcsec morphology at different frequencies, polarization measurements and possibly the study of the spectral index distributions in the optically thin regime can help distinguishing between flaring blazars and truly young objects.
High resolution VLBA observations at two frequencies in the optically thin part of the spectrum (between 8.4 and 43.2 GHz) of 50 objects of the original sample have already been acquired. The analysis of the data is in progress.
is extending from the core to the North for 11 arcsec (see Fig. A.9) . J2101+0341: quasar at z = 1.013. This source has a very complex structure. Two components are aligned with the NS axis for a total angular size of 14 arcsec. Furthermore there is a diffuse low-brightness emission in the NE direction with angular size of 22 arcsec (see Fig. A.9 ). J2123+0535: quasar at z = 1.878. There is a very weak emission toward the South of the strong compact component (see Fig. A.10) . J2207+1652: stellar object. On arcsec scales it shows two components, the southern one being weaker and smaller. This component is still clearly visible in the X band (see Fig. A.11) . J2320+0513: quasar at z = 0.622. Extended emission is revealed in both the L and the C band. The maximum angular size in the NW-SE direction is of 19 arcsec. In the C band the extended emission has two irregular components on both sides of the unresolved nucleus, the southern one being weaker than the northern one (see Fig. A.12 ). 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096 
